Citizens and landowners in the midwestern and eastern coal mining region are concerned that current reclamation procedures are not achieving land use, species diversity and productivity levels required by the Surface Mining Control and Reclamation Act of 1977 (SMCRA). The purpose of this study was to investigate the effects of mining and reclamation practices, used prior to the passage of SMCRA, on various forest attributes including forest site productivity and woody species diversity in the canopy, understory, and groundlayers. Forest diversity and productivity of fourteen mined and eight natural sites in the eastern and midwestern coalfield regions were compared. Results show that forest site productivity and woody species diversity varied among site types, canopy cover types, and regions. Species richness of the canopy layer and understory between eastern and midwestern mined sites were very different. The use of white pine (Pinus strobus) for reclaiming mined sites in the eastern region resulted in a decrease of hardwoods present in the canopy layers on mined sites. Midwestern mined sites more closely approximated regional non-mined sites in commercial species composition. Reclamation procedures including degree of compaction and stand history played an important role in the development of forest stands on mined land. Pre-SMCRA midwestern mined sites were growing as well as non-mined forests in the region, while mined site growth in the eastern region was usually poorer than on non-mined forests. Forests on pre-SMCRA mined lands are productive, valuable, and diverse. They should provide insight into the impacts of current reclamation practices on reforestation success and potential forest productivity. Additional 205 problems remained, including erosion, degraded water quality, toxic spoils, uneven landscapes, acid drainage, highwalls and subsidence.
Introduction
Surface mining drastically disturbs land, forests, and waterways. Prior to the enactment of the Surface Mining Control and Reclamation Act (SMCRA) in 1977, high levels of land disturbance by mining prompted some mine operators, landowners, and surrounding communities to reclaim mined areas (DenUyl, 1955) . Many states with mining activity enacted regulations to control the mining and reclamation process (Davidson, 1981; Sandusky, 1980) . In the midwestern and eastern states most sites were reclaimed to forests through the planting of trees. The diversity and productivity of sites reclaimed with trees decades ago is unknown, and even though many mined sites had the potential to develop into productive forests, many environmental 1 test planting of three pine species on a pre-SMCRA mined site and a post-SMCRA mined site. Trees planted on the pre-SMCRA mined site were planted on the flat bench that remained after contour coal extraction, while the post-SMCRA mined site was reclaimed to its "approximate original contour." The height and diameter growth of all three pine species (loblolly (P. taeda), Virginia (P. virginiana) , and white (P. strobus)) was greater on the pre-SMCRA mined sites than the post-SMCRA mined sites. The heights on the pre-SMCRA mined sites averaged 7, 5.6 and 3.7 meters, while the heights on the post-SMCRA mined site averaged 6.7, 5.3, and 3.1 meters for loblolly, Virginia, and white pine, respectively. The diameter growth on the pre-SMCRA mined site averaged 11.2, 9.7, and 5 .3 centimeters while on the post-SMCRA mined site the diameters averaged 8.9, 7.4, and 3.6 centimeters. Projecting these growth rates to a harvest age of 20 years indicates that stumpage value on the post-SMCRA site will be approximately half that on the pre-SMCRA site.
The lack of productivity standards for reclaiming forest land allows for forestland degradation. Current practice in most Appalachian states allows the operator to choose the rock overburden that is placed on the surface as long as it supports herbaceous ground cover and allows a minimum number of trees to survive for the bond period.
Research has shown that the type of overburden suitable for the temporary ground cover is not necessarily the best choice for long-term forest uses (Torbert, 1995) . Overburden selected for placement on the surface should be chosen for the target plant community and the specified post mining 206 land use (Boyce, 1999) . Forestry post-mmmg land uses should also meet a productivity standard in order to ensure that the land is restored to its original productivity as the spirit of the law requires.
Mature forests on older reclaimed mined sites might be used to provide insight into the conditions that need to be present for reclaiming mined land for forestry. Pre-law mined sites are growing forests in the midwest and the eastern coalfields over a wide environmental gradient that exists across these regions Andrews, 1992; Plass, 1982) . Through investigation and characterization of twenty-to sixty-year-old sites throughout the two regions, we hope to meet the following two objectives: (1) characterize the woody species diversity within three different strata on mined sites throughout the eastern and midwestern coal regions and qualitatively compare the diversity estimates to those on natural forest sites in the regions; (2) estimate and compare the mined sites' potential productivity to the potential productivity of natural forest sites within the region.
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Methods
Site Selection and Layout
Fourteen forest sites across seven states, each with a size of 0.8 to 3 hectares of contiguous forest cover, were located on reclaimed mined lands in the midwestern and Appalachian coal fields (Figure 1) . The fourteen sites ranged from 20 to 55 years old. The canopy layer species ranged from pure hardwood and conifer stands to mixed conifer or hardwood stands (Table 1 ). These sites also covered a spectrum of spoil types. The measurement sites were chosen to represent a cross-section of stand size, stand age, and stand conditions. Within each similar geographic region (e.g. southern Illinois) reference native forest sites (e.g. control site) representing minimally manipulated regional forests were also located and measured. Undisturbed control sites represented land conditions similar to what was present on the mined sites before they were disturbed. For this reason the undisturbed site was chosen in close proximity to the chosen mined sites. All sites were mature, well stocked, native forest stands, but all had been harvested at some point in their history.
After the boundaries of each study site were ·established, a 20x20-meter grid was superimposed on cardinal directions. Grid lines were placed perpendicular to the banks on open-pit mined sites / ,.
where more than one spoil bank existed to ensure that the sites' micro-topography was taken into account.
A 20 meter buffer strip was maintained on all edges of each forest site. All subsequent sampling was based from the intersections of the grid (Figure 2 ). Field data collection took place between May and August, 1999, with the exception of two sites which were measured in August, 1998.
Woody Species Diversity and Stand Composition
Tree and shrub species composition and diversity was measured on each site by randomly choosing 4 measurement points at 20x20 meter grid intersections. Plots were established at each point. Vegetation was divided into three strata; canopy, understory, and ground layer; defined as woody plants greater than 5 cm dbh, less than 5 cm dbh and taller than 1 m, and less than 1 m, respectively. The tree species in the canopy layer were tallied within a 404 m 2 circular plot. Canopy-layer measurements included density, dbh, and species. The understory layer was tallied within 80 m 2 circular plots using the same plot center as the 404 m 2 canopy layer plot ( Figure 2 ). The woody ground layer was tallied in four -4 m 2 circular plots located in cardinal directions 4.9 m from the main plot center. The use of the 4.9 m radius was to remove the sampling points from the center of the plot where human-induced disturbance occurred as the canopy layer and understory samples were collected. Species richness values and evenness curves were calculated for the canopy layer, understory, and ground layer of each site, using methods described in Kimmins (1987) .
-Example Site Area
m Buffer From Edge Effects
Species richness (number of species per area sampled) for the three different canopy layers were compared on mined and nonmined sites; pine and hardwood canopy types for mined sites; and between eastern and midwestern mined sites.
Evenness values were compared between non-mined sites, midwestern mined sites, and eastern mined sites. Species abundance and dominance values were analyzed for species present on greater than 1 o/o of non-mined and mined sites in the midwestern and eastern coal regions. Commercial species on non-mined and mined sites in the midwestern and eastern coal regions were analyzed separately.
Site Potential Productivity
Site index (height of the tree canopy at a specific age) was used to estimate site productivity by picking an intermediately shade-tolerant tree in a dominant or co-dominant position in the canopy that had no evidence of stem damage, and that had been in a free to grow position for most of its life. On each of the four measurement plots, tree height and age were measured on one tree of each of the three main species in the canopy layer. Regional site index curves were used in conjunction with tree height and age to obtain estimates of productivity. To make direct comparisons between mined sites and their non-mined site, site index estimates for each species were converted to a site index for white oak using Doolittle's (1958) conversion for species in the Appalachian region.
Data Analysis
Species abundance differences between region and mining conditions were tested using ttests. Simple linear regression was used to test the significance between stand age and richness among mined sites. Differences in productivity between mined sites and the representative non-mined sites were calculated by subtracting the white oak site index of the non-mined site from the white oak site index of the mined site. These differences were tested using a I-test. Results from I-tests termed "different" in this paper have a significance level ofp ~ 0.10.
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Results and Discussion
Woody Species Diversity
A complete list of species and their scientific names found on the sites are located in the appendix.
Mined and non-mined sites had the same number of species on average. This was the case for all vegetative levels within the stands (canopy layer, understory, and ground layer) ( Figure 3 ). This is consistent with results reported by Thompson et al. (1996) who found that pre-SMCRA reclaimed mined sites after attaining an age of 14 and 21 years supported species richness levels comparable to that expected on non-mined areas. In our study, 2 to 5 species were planted on many of the hardwood sites, which increased the initial richness present on those sites. Of the top five canopy layer richness values including both disturbed and undisturbed sites, mined areas made up three of the first five. Many of the volunteers present on mined sites were present on non-mined sites. Species such as black cherry, elm and red maple were present at low to moderate levels of abundance (90 stems ha-1 ), but lower levels of dominance (7 m 2 ha 1 ), indicating that they were present in the suppressed to small pole positions in the canopy layers. Wade and Thompson (1999) reported that red maple made up a dominant proportion of the saplings on a mined site in eastern Kentucky. Even in the younger pine stands planted on this study's mined sites, many of the volunteers were hardwoods present in a wide range of sizes, indicating the development of successional stages in the youngest reclaimed sites. Thompson et al. (1996) also noted that the presence of black cherry and red maple on mined sites represents enhanced successional development.
Many of these same species were found in the understory and ground layer of both the nonmined and mined sites. Red maple, black cherry, green ash, and sycamore are species whose seed is easily dispersed to the mined sites to become established under the planted trees in the canopy layer. Black cherry and red maple have been listed as important invasion species on mined sites in both the eastern and midwestern regions (Wade and Thompson, 1999; Andrews et al., 1998; Skousen et al., 1994; Schuster, 1983) .
The presence of these species in the lower canopy level on the mined sites, suggests that the m1n1ng and reclamation process does not change successional trends. As is common with pine species 
-----------------------·------J\1ini11g Effect--------------------------------J
Non-mined Canopy Layer
Non-mined Woody Ground Layer
• . A Mined Woody Ground Layer A ----------------------------~ Forest Type Effect-------------------------
Pine Canopy Layer
Hardwood Canopy Layer
Pine Understory
Hardwood Understory
Pine Woody Ground Layer
Hardwood Woody Ground Layer
Eastern Canopy Layer
Midwestern Canopy Layer
Eastern Understory
Midwestern Understory
Eastern Woody Ground Layer
. planted in the mixed mesophytic and Appalachian oak hickory/forest types, the species composition in the lower levels of the canopy layer represents similar secondary succession invasion species found in nearby native forests. Further analysis of the understory and ground layer data will provide more information on the successional trends of the stands after harvest.
Species richness on mined sites planted to pine was the same as that on mined sites planted to hardwoods for all canopy layers (Figure 3 ). Wade and Thompson (1999) reported that woody species richness was greater on sites planted to mixed hardwoods rather than Virginia pine. This is likely true when pine sites (e.g. white pine) are compared to mixed hardwood plantings, but they also concluded that Virginia pine sites contained the best conditions for seedling establishment, due to its lighter shading effect, but not necessarily seedling persistence. Zeleznik and Skousen (1996) Table 2) . These sites contained older plantings of pine ( 40 to 50 years old), open canopy species (pitch pine) with early invading wind disseminated hardwoods interspersed (e.g. mined · sites in Indiana), and species planted out of their range (loblolly pine in Kentucky) whose canopies h_ad thinned. On these sites, more invading hardwood species were present in the canopy layer, thus increasing.their species richness levels.
Lower richness in the canopy and understory layers on sites in the eastern coal region ( Figure 3 ) was most likely due to the sites being reclaimed to pine more recently than sites in the Midwest (Table  2) . This difference was not apparent in the woody ground layer comparisons of pine and hardwood sites (Figure 3 ), suggesting that succession on most mined sites is dominated by invasion from nearby natural stands, which contain shade tolerant, readily disseminated tree species such as red maple, black cherry, and sourwood (Wade and Thompson, 1999; Thompson et. al., 1996) . correlated for hardwood canopy layers. The strong correlation between stand age and richness in pine sites suggests that as pine canopies age, light levels increase, allowing for further species invasion. Light levels are higher at earlier ages for hardwood plantings allowing species invasions earlier. Holl and Carins (1994) reported that tree and shrub species richness greatly increased with age, stating that a larger part of the floral community was found on mined sites older than 25-30 years. Richness was not affected by stand age in the understory and woody ground layers on our mined study sites.
Evenness
Species evenness (number of individuals of a species compared to other species present) was compared between natural sites and mined sites in the eastern and midwestern coal regions ( Figure 5 ).
Eastern mined sites were less even than non-mined sites or midwestern mined sites, throughout all three vegetative layers. That is, one species tended to dominate in terms of numbers per hectare. In the East, almost 60 % of the canopy layer was made up of a single planted species, white pine, which is why the relative density values are skewed to the left in By the 5•h species in the sequence, the relative density approaches zero. This was not the case with the nonmined and midwestem sites, whose species relative densities leveled out around 5%. The eastern sites also had the lowest total number of species on site (12); the midwestern mined sites had the most species present (23), and the non-mined sites fell in between (19).
The trends in understory evenness were similar to those in the canopy layer, but a different species represented the most numerous species.
Understory evenness in the East dropped from relative densities of 74% to 9% by the second species in the sequence ( Figure 5 ). The midwestern sites were similar to the non-mined sites, maintaining higher levels of relative density for longer portions of the sequence. Again, the eastern sites contained the lowest number of species, reiterating the impact of a vigorous, planted white pine canopy layer ( Figure 5 ).
The same general trends in the canopy and understory layers are found in the ground layer except for the non-mined sites which are less even and had a relative density controlled by red maple at 55% ( Figure 5 ). All sites converged to approximately 20% relative density by the second species. The hardwood mined sites had the lowest relative density for the first most abundant species. In the ground layer, the non-mined sites had the most species present (19), followed closely by the eastern sites ( 18 species) and finally by the midwestern sites (15 Autumn olive was also numerous on eastern mined sites reflecting its planting history in the region and bird dispersal of seed. The understory and woody ground layer of non-mined and mined sites in the midwestern region were also variable, reflecting the competitive environment under mixed hardwood species.
Species Abundance and Dominance in the Canopy
Layer
The abundance and dominance of species present in the canopy layer of mined and non-mined sites were compared across the eastern and midwestern coal regions ( Figure 6 ). In Figure 6 , the bars represent species abundance (stems ha-1 ) and the dashed lines represent dominance in basal area (m 2 ha-1)_ The species are ordered from highest to lowest dominance. Each species listed makes up greater than 1 % of the average population across the sites. A species with a large abundance but a small dominance is a tree that occupies a suppressed or sapling position. These species, along with species in the understory and woody ground layer, are most likely to replace the present canopy stand if it were harvested. Trees both abundant and dominant are the trees that were best positioned in the upper canopy.
The canopy layer of non-mined sites in the eastern region contained an average of 16 species each, which made up more than 1 % of the population on the sites (Figure 6 ). Red maple is the most dominant in the canopy, but red oak, tulip poplar, black cherry, and black birch are important components of the stands. Red maple is the most common in all canopy levels except for the canopy layer position. The most common tree in the main canopy is red oak. Tulip poplar was also present in larger sizes but was not as abundant in the mature forests of the eastern region. Other species such as black cherry, green ash, pignut hickory, cucumber tree and basswood were larger trees but are more scattered than tulip poplar. Elliott et al. (1997) found that red oak, black oak, tulip poplar, and hickory were the most common species in southern Appalachian cove and mixed oak sites. Gilliam et al. (1995) ... ·o-...... and red oak as the four most important species on mature central Appalachian sites. Gilliam et al. ( 1995) also reported finding an average of 800 stems ha-1 and a basal area of 43m 2 ha-1 on mature central Appalachian sites. The non-mined sites in the eastern region of this study contained an average of 826 stems ha 1 and 34 m 2 ha 1 • White pine was commonly used for reforestation of mined sites in the eastern region. On the study sites white pine abundance levels were 562 stems ha 1 • Andrews et al. ( 1998) reported that white pine abundance levels for sites in Virginia, West Virginia averaged 687 stems ha 1 • This average was measured on mined sites 5-9 years after stand establishment. On the eastern sites of our study, seven species made up greater than I % of the abundance on the mined sites ( Figure 6) . Similarly, Zeleznik and Skousen (1996) found that an average of six species invaded mined sites planted to white pine in Southeastern Ohio. The only other species that was planted on the study sites in the eastern region was Scots pine, which was not very abundant (40 stems ha 1 ) but was co-dominant in the main canopy. The rest of the species present were species that volunteered into the stand.
The non-mined sites of the Midwest region also contained a large array of species (15) ( Figure  6 ). Red and sugar maples were the most abundant species but not the most dominant. Scarlet oak is the most dominant species in the canopy layer, followed by sweetgum and tulip poplar. The large presence of scarlet oak reflects its low desirability as a timber species. Tulip poplar, red oak, and white oak make up similar proportions of the stand, while red maple, sugar maple, American elm and blackgum are found in large numbers in subordinate positions. The mined sites in the midwestern region have distinctly more species than the eastern mined sites (13 versus 7). Eleven of the thirteen species present on midwestern mined sites are present due to planting. The only volunteer species making up greater than I % of the total population on the site were American elm and black cherry. Zeleznik and Skousen (1996) also found elm invading in high numbers on various white ash, white pine and tulip poplar sites in Ohio. The composition of mined stands in the midwestern region were similar to non-mined sites, with 7 species in common. The only species on mined sites not found on the non-mined sites were planted conifers and planted shade intolerants such as aspen and cottonwood, species that are uncommon within the mixed mesophytic and oak-hickory forest regions. The forests on mined sites in the midwestern region are more representative of their undisturbed 216 counterparts than mined sites in the eastern region. Through the use of multiple planted hardwood species on mined sites in the midwestern region, the mature canopy layer of these sites contains species numbers similar to the canopy layer composition of native forest communities.
Species planted on mined sites were most dominant in the canopy layer on each site (Table 3) . On mined site KY-2 that was planted to 5 hardwood species, those species made up 97 .8 % of the canopy layer basal area. Planted species account for almost half of the site richness (Table 2 ). Other sites planted to multiple hardwoods species also have high percentages of the main canopy in those species. Conversely, sites planted to pines have pines dominant in the canopy layer. Young white pine sites such as VA-I have 92.8 % of the canopy in the planted species. Older pine sites still have pine dominant in the canopy layer (Table 3 ). The planted species on single species sites are less important in the overall richness of the canopy layer. Site IN-I, which was planted to pitch pine, contained 22 other species in the canopy layer, while WV-3 contained 15 species other than the planted white pine (Table  2) .
Though the planted species on such sites contribute little to richness, they still play a very· large role in dominance over the site. On highly compacted sites (WV-I) the planted species was not able to maintain its dominance. On WV-I or WV-3, whose bench sites showed signs of surface compaction, planted white pine made up 76.2 and 58.8 %, respectively, of the canopy layer. Black locust intermixed across the two sites was mostly deteriorated, having a negative effect on planted species dominance. The dominance of the planted species on site IN-2, whose pitch pine was not able to maintain its canopy, was 46.5 %. This site also contained many species that had invaded the openings and were competing for site resources.
In most cases, planted species make up the majority of the basal area on the site. This has strong implications for future forest management of mined sites.
Evidence from this study indicates that planting of commercially valuable species increases the assurance that the sites will develop into stands of commercial importance. Those species planted have a head start on species attempting to invade the site, allowing them to establish quickly and reach dominant positions. The use of a single species, such as pine, limits species richness and reduces stand value in this hardwood-dominated market.
Deciduous and coniferous trees are commonly referred to as hardwood and softwoods, respectively. Deciduous species are often put into Iv .... therefore, after their removal. a secondary successional hardwood stand will emerge. This is a typical fate of pine stands planted in midwestern hard wood forests.
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The eastern mined areas contained mostly softwoods that were dominant in the canopy layer. The ability of the mined sites in the eastern region to support hard-hardwoods and soft-hardwoods seemed significantly deterred by the presence of dense planted pine canopies (Figure 7) . As mentioned, the only species present in the canopy layers with white pine are those species that can withstand low light levels. The eastern mined sites contained only one hard-hardwood species and two soft-hardwood species. This paled in comparison to the six hardhardwood species and four soft-hardwood species present on non-mined sites in the midwestern region.
Those species that were able to utilize the gaps in the pine canopies were able to do so successfully because of the lack of competition in the lower levels of the canopy. The non-mined sites in the eastern region contained greater amounts of hard-hardwoods compared to mined areas. Though the mined sites in the eastern region contained higher abundance and dominance of a single species, the mined sites in the midwestern region were comparable to the natural sites, and will ultimately provide higher-value wood products at rotation age. The principle product of the mined sites in the eastern region will be lower-value softwood and soft-hardwood products.
Site Productivity
Overall, site productivity appeared to be the same on non-mined and mined sites in the Midwest (Table 4 and Figure 8 ). All mined sites in the midwestern region consisted of cast overburden receiving little or no grading. Surface mining may increase rooting depth, reduce the effects of natural root limiting layers, improve drainage and improve fertility, allowing sites to have equal or better productivity levels compared to non-mined sites, especially those sites that have lost topsoil due to poor farming practices (Plass, 1982) . Conversely, intensive grading greatly reduces tree growth, by increasing soil compaction during dry periods and by creating poor drainage that leads to hypoxic conditions during wet periods (Ashby, 1987; Limstrom, 1960; Deitschman, 1950) .
The productivity levels of the non-mined versus mined site in Illinois were almost equal (Table  3) . Of the two hardwood sites located in Kentucky, KY-2 had a site index level greater than the nonmined site, but KY-I was less productive than the non-mined site (Figure 8 ). The third site in Kentucky (KY-3) was planted to white pine with a small proportion of loblolly pine. The white pine grew better than the loblolly pine. This site was 5% higher in productivity than the non-mined site. The fifth mined site in Kentucky (KY-5) was planted to loblolly pine about 35 years ago. The loblolly pine had shown good initial growth but may be plateauing given that it is out of its natural range (Figure 8 ). This site was slightly lower in productivity than the nonmined site. Both mined sites in Ohio were growing better than the natural sites in the area. At least part of the non-mined site in Ohio showed evidence of being an old farm site and of having a root restricting layer in the sub-soil horizons. These soil characteristics, along with the deeper rooting, and uncompacted rooting volume present on the cast overburden of the mined sites, may have contributed to the mined sites' higher productivity levels. The OH-3 site was 16 % more productive than the comparable undisturbed site. It also had lower variation in productivity than the non-mined site.
In the East, productivity was significantly less on 2 out of 4 mined sites (Figure 8 ). There was some indication that the 32% decline in productivity .... ....
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Mined Mixed Hwd 25.4 1.9 0.13 -11--=-===-=-cc=----1------1-----'----•-- on WV-I was due to compaction. Average soil depth was 83 cm. Trees on this site also showed a tendency toward surface rooting. Similar problems with compaction were found throughout the eastern region (Daniels and Amos, 1981, Torbert et al., 1994) . The mined site in Virginia (VA-I) was approximately 8% less productive than the non-mined site. The nonmined site used for comparison with V A-1 was a cove site while the mined site was established on the contour of a back slope. The inherent differences in productivity between these two types of landforms may explain the differences in productivity between the two sites. Productivity levels on WV-2 were similar to the non-mined site in the area (Figure 8 ). Wade et al. (1985) found productivity levels comparable to natural sites in Southeastern Kentucky. The authors attributed good mine soil productivity to greater soil depth and increased water availability.
Conclusions
Mined sites, especially sites planted to multiple hardwood species, are capable of developing into forest communities that possess vegetative diversity and productivity similar to local native forests. The similarity in diversities is related to the planting of multiple late-successional species during reclamation and the invasion of woody species into all levels of the developing forest community. Sites planted to multiple species contain high proportions of those species in the canopy layer, both richness and dominance. Single planted species sites are still dominated by that planted species but they make up a lesser part of the sites' canopy layer richness. Much of the vegetative composition found on mined sites are combinations of the planted species that dominate the upper levels of the canopy and the natural species that are capable of invading into the understory. In situations where the planted canopy is unable to maintain its dominance, invading species quickly fill the gaps. In many cases, the planted species present in the canopy of mined sites have commercial value.
For the most part, invading, secondary successional species such as red maple, black cherry, sourwood and sassafras will not generate into stands with the same value as planted stands.
Nine of the eleven mined sites tested were as productive as their non-mined counterparts. SMCRA requires that reclaimed mined sites be comparable in capability to that existing prior to mining. The preliminary evidence provided by this research suggests that the trees planted on reclaimed mined sites in the Midwest prior to the passage of SMCRA are growing as productively as before mining, but in the East mining has degraded site productivity.
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Further investigation of soil characteristics should provide cause and effect evidence for productivity levels existing on each site, and will be reported at a later date. The results also reinforce concerns about reclaimed mined land conditions created by new regulations after SMCRA was passed. The sites with lower productivity levels were those that were most compacted, a condition commonly associated with post-SMCRA reclamation.
